1 the disease still remains the major cause of morbidity and mortality, especially in sub-Saharan Africa (SSA) countries. 2 As recommended by WHO in the "Test-Treat-Track" initiative, an early and accurate diagnosis of malaria cases followed by the initiation of prompt treatment using artemisinin-based combination therapies (ACTs) significantly reduces the mortality rates related to malaria. [3] [4] [5] [6] In Burkina Faso, until 2005, the management of uncomplicated malaria was based on chloroquine as first-line treatment. To overcome the challenges of treatment failures due to chloroquine resistance, 7, 8 National Malaria Control Program introduced the ACTs (artemether-lumefantrine [AL] and artesunate-amodiaquine [ASAQ]) in its guidelines for the treatment of uncomplicated malaria 11 years ago. 9 However, there was a limited access to health services at the national level. Indeed, access to health care is disparate and difficulties with regard to treatment affordability and distance to health services represent the main barriers. Curative care access among children suffering from common infectious diseases (malaria, diarrhea, and pneumonia) was estimated to be around 50%-69.5%. 10, 11 To ensure affordability to these new effective and safe antimalarial drugs, the government adopted a policy which provided ACTs free of charge to children under 5 years and to pregnant women (after the first trimester of pregnancy) attending public health facilities, 12 and subsidized ACTs for the rest of the population. 13 However, despite these new recommendations and government efforts, national health statistics reported in 2017 that the burden of malaria, especially among children under 5 years, remains high. Nearly 43.5% of all outpatient attendance in peripheral health facilities were due to malaria.
14 Additionally, severe malaria accounted for almost 55% of all pediatric inpatient admissions in hospitals and led to ~4,144 deaths. 14, 15 The prevalence of high morbidity and mortality rates could be explained partly by the "low-effectiveness" of malaria control policies in the actual conditions of the health system. While sufficient knowledge exists with regard to malarial symptoms and treatment options, barriers to prevention and care-seeking through the use of rapid diagnosis tests (RDTs) remain relatively low. 16 In SSA countries in general, and especially in Burkina Faso, the management of uncomplicated malaria using ACTs is not followed by regular monitoring adapted to the local context in order to assess its effectiveness components, especially adherence of patients. However, previous studies reported poor adherence to the recommended treatment regimens, causing subtherapeutic concentrations of the drug in blood, which is one of the main factors underlying parasite resistance and recurrent malarial infections. [17] [18] [19] [20] Several observational studies (cross-sectional and prospective) carried out across SSA to assess patient adherence level to ACTs (mainly pill counts and self-report) revealed that the mean proportion of adherence to ACTs varied substantially and ranged between 32.2% and 96.0%. [21] [22] [23] [24] [25] [26] Recently, the emergence of resistance to artemisinin compounds has been proven in South-East Asia 27, 28 and seems to be suspected in Central Africa (Equatorial Guinea), 29 and there is a growing concern that this may spread to other endemic areas. Given that nonadherence to ACTs is the main source of emergence and spread of parasite resistance, caution should be taken to guarantee a good practice regarding provider compliance and patient/caregiver adherence to treatment guidelines.
In Burkina Faso, to our knowledge, there is no published data about adherence level of patients to ACTs in public health facilities. 30 In this context, we aimed to contribute to address this gap by evaluating adherence level of patients to ACTs and factors associated with nonadherence in patients attending public health facilities in rural setting of Burkina Faso. On the other hand, this study, by providing data on patient adherence level to ACTs 11 years after their introduction into the health system, will contribute to the implementation of new measures or strengthen existing measures in order to prevent the development of resistance to artemisinin in the plasmodial strains.
Patients and methods study setting
This study was carried out in the Nanoro Health and Demographic Surveillance System (HDSS) catchment area. 31 Nanoro district is one of the seven health districts of the Central-West health region of Burkina Faso. The HDSS area (594.3 km²) lies between longitudes 1°892537 and 2°83146 West and latitudes 12°857955 and 12°872863 North and includes a total of 24 villages and seven peripheral health facilities. In this rural area, malaria is markedly seasonal with high transmission observed during the rainy season (July to December). In 2009, the number of HDSS inhabitants was estimated at about 60,000, of whom 20% were children less than 5 years of age. 31 Malaria was one of the common diseases in this area, accounting for about 43 .5% of all outpatient consultations and 60.5% of hospitalizations. ACTs (AL and ASAQ) are prescribed free of charge to children less than 5 years of age since 2016 and represent the first-line treatment for uncomplicated malaria. According to national health statistics, 104,887 cases of uncomplicated malaria treated with ACTs were reported in 2017 in Nanoro health facilities.
14 For our study, three peripheral health facilities (Nanoro, Nazoanga, and Seguedin) of the Nanoro HDSS were selected to assess the adherence level to ACTs (Figure 1 ).
study design and study participants
This was an observational, follow-up study that was carried out among patients who were treated with the first-line antimalarial drugs between May and August 2017. All patients attending the selected health facilities in the HDSS catchment area and for whom a first-line treatment with an ACT was prescribed for uncomplicated malaria by health care workers (HCWs) were invited to participate. Those who had signed informed consent (a parent/guardian for children below 18 years of age) were included in the study. HCWs represent a group of people whose primary intent is to enhance health. 32 In this study, HCWs were nurses (public agents of government of Burkina Faso), whose main objective was to provide primary health care (curative and preventive) to the community or local population.
After patients/caregivers attended a health facility, an exit interview was performed at day 0 and day 5±2 after day 0 (between 3 and 7 days after day 0, ie, drug prescription day) at home.
sample size
Sample size was estimated according to the following formula: n=Z α/2 2 *p*(1-p)/i 2 , where Z α/2 is the critical value of the normal distribution at α=5%; i=6%, represents the absolute precision or the margin of error; and p=90%, represents the estimated average level of adherence.
A design effect of 1.5 was added to account for the clustering in health facilities. For the last day (day 5±2) evaluation, 15% losses were added for the follow-up. The sample was further increased by 10% to account for contingencies. A total of 199 subjects from three health facilities targeted for the study were enrolled in the study. A sampling with probability proportional to the population size of each community was performed.
recruitment and data collection method
Study participants were recruited and interviewed at health facilities after their medical consultation at the exit of the health service (day 0). During this interview, sociodemographic data (age, sex, and village), drug prescription information (drug name, number of tablets, dose, and duration), and concomitant medications were recorded. Information regarding actions taken by HCWs during medical consultation (malaria confirmation by RDT, supervision of the administration of first dose of prescribed ACT, request for time when the patient last consumed food, and advices given to patient, especially in case of occurrence of vomiting or recurrent high fever) was recorded.
Patients were contacted on day 5±2 at home by trained field workers, in order to capture data about adherence and recovery status. In case of persistence of fever or any health issues after the last visit, patients were encouraged to attend the health center for medical care. During this home visit, field workers recorded mainly the information regarding:
• Date of the visit/contact • Clinical condition (recovered status or continuation of the illnesses) • Number of tablets of ACT remaining In cases of leftover tablets, the reason for not complying with the treatment regimen was requested. In that case, the leftover tablets and/or packages were photographed using the tablet (device) camera, in order to allow and facilitate the verification by supervisors.
expected output
The main output estimated was the proportion of patients treated with an ACT who completed the recommended age-specific course of treatment. Currently, it is noticeable that no gold standard has been clearly established to assess patient adherence level to medications.
33,34 For our study, adherence level was measured retrospectively on the basis of two parameters: history (self-report through interviews) and examination of remaining doses (pill counts):
• Complete adherence was defined as any case where the patient or caretaker stated that they had taken all of the tablets as recommended and the physical count of the pills confirmed the expected number of pills.
• Nonadherence was defined as any case where the patient stated that they did not take all of the tablets as recommended by the time of follow-up visit and/or a physical count of the pills demonstrated greater than or less than the expected number of pills.
Data management and statistical analyses
Data were collected in electronic form using an open-source software Open Data Kit (ODK) Collect setup. 35 ODK is an open-source suite of tools that include ODK Collect, an android-based mobile client that acts as the interface between the user and the underlying form used to collect data. 36 Data were captured face to face at the exit of medical consultation by nurses and at home by field workers using a semi-structured questionnaire. Once the data had been collected, they were checked for completeness and consistency by physicians before uploading them into the server (ODK aggregate). Then the data were downloaded from the server to control for coherence effects by using the study data manager. In case of inconsistent data, data clarification forms were generated to sort them out.
All analyses were performed using R software version 3.4.2 (R Development Core Team, R Foundation for Statistical Computing, Vienna, Austria). Descriptive analysis was performed to estimate the proportion of adherence level. Univariate and multivariable logistic regression analyses were performed to determine factors associated with nonadherence to ACTs. Multivariable analysis was built using backward stepwise regression models, with Akaike information 
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Results

Population baseline characteristics
From May 2017 to August 2017, 199 patients were included in the study and 97% (193/199) were successfully visited at day 5±2 for scheduled home visit. Table 1 summarizes the general characteristics of study population. The median age of the participant was 2.6 (IQR: 1.4-5.0) years and the maximum age was 68.5 years. About three-quarters (74.9%) of patients were less than 5 years of age. Nearly 53.8% (107/199) of patients were female and approximately one-sixth of the patients reported not having a blood smear collection for malaria diagnosis confirmation by HCW. Approximately, 59.8% (119/199) of patients/caregivers who received antimalarial drugs at the health facilities did not know the names of the ACTs prescribed.
AcT prescription practices
The prescription practice of ACTs by HCW is summarized in Table 2 . More than half (59.8%) of the study participants reported that they had not received any advice from the HCW, particularly in case of vomiting due to the ACTs prescribed. It was noticed that more than one-third (~37.7%) of participants did not take the first dose of their treatment at the health facility level (directly observed treatment strategy). Among those who took their ACTs at health facility, 62.1% (77/124) initiated their medication administration with meal. Tables S1  and S2 ), in terms of duration of treatment and recommended number of tablets. Regarding the type of antimalarial drug delivered to the patient, 92.5% (184/199) were prescribed oral AL and 7.5% ASAQ. Of the 193 patients available at day 5±2 home visit, 166 (86.0%) were classified as "complete adherence", whereas 27 (14.0%) were classified as "nonadherent". Considering the adherence level according to the type of ACT prescribed, we noticed that 85.4% and 93.3% were completely adherent to AL and ASAQ, respectively.
Factors explaining nonadherence to AcTs in nanoro health district
From the results presented in Table 4 , the nonadherence of the patients was significantly and negatively associated with uneasy affordability of ACT (OR: 0.26; 95% CI: 0.07-0.70). However, nonadherence to ACT was higher among the participants who did not receive any advice from HCWs represents data presented in median (minimum-maximum). Statistically significant values are shown in bold (P,0.05). Abbreviations: Adj, adjusted; AcT, artemisinin-based combination therapy; cM, concomitant medication; hcW, health care worker; hF, health facility.
AcTs dispensed and adherence level to AcTs in nanoro health district (OR: 2.64; 95% CI: 1.07-7.51). Additionally, this simple logistic regression tended to confirm that the nonadherence to ACTs was higher among participants who did not have blood sample collection for malaria confirmation, but this association was not statistically significant.
The age of the participant and gender, the directly observed treatment strategy, and the occurrence of adverse events were not significantly associated with the proportion of nonadherence. In multivariable analysis only, patients or caregivers who did not receive advices from HCWs exhibited an association with nonadherence (adjusted OR: 3.21; 95% CI: 1.13-9.12).
No association analysis stratified by age group (under 5 vs 5 years and above) was performed because the number of participants up to the age of 5 years was too small.
Discussion
Eleven years after the introduction of ACTs into the national policy for the uncomplicated malaria treatment, it was crucial to have an overview of their real-life outcomes in terms of adherence in the mindset of improving the effectiveness of this valuable drug in hyperendemic malaria area. Our study was designed to assess adherence level and factors that influence adherence level in rural area of Burkina Faso where the population is more vulnerable and where the prevalence of poverty was estimated at 47.5% in rural areas in 2014. 37 Malaria is an acute infectious disease caused by the parasite Plasmodium falciparum in most cases, and when the episode is mismanaged (inappropriate use of ACTs), it can result into severe forms often leading to patient death and/or emergence of resistance to plasmodium. 18, 27 The ultimate goal of malaria treatment by using ACTs was to have an adherence level close to 100%. Considering this reference, the findings of this study revealed that the adherence level (86.0%) was not optimum. However, this adherence proportion is consistent with the findings of other studies in Tanzania, Madagascar, Ghana, Nigeria, Uganda, and Iran, where similar adherence levels to ACTs were reported. [38] [39] [40] [41] Nevertheless, adherence level found in our study area was higher than that obtained from other studies conducted in Ghana, Kenya, Malawi, and Sierra Leone, where adherence level was estimated at 57.3, 42.1, 64.1, and 57.0, respectively. [21] [22] [23] [24] 38 This "relative high level of adherence" to ACTs in our study could be explained partly by the improvement in information, education, and communication (IEC) strategies and materials associated with the implementation of regular sensitizing campaigns focusing on malaria. These strategies include home visits, community theaters, focus group discussions, and school-based information campaigns.
In 2016, the number of IEC sessions conducted on the topic of malaria in the study area was estimated at 691 sessions and involved 8,743 people, and this approach had resulted in an increase of awareness among the population that malaria is a serious illness that can lead to death if the treatment regimen is not respected. 15, 16 In addition, health professionals are continually being trained and are likely to pay more attention to the information given to patients. Furthermore, this "relative high level of adherence" can be also attributed to the impact of clinical research activities on the local community. Indeed, after the creation of Clinical Research Unit of Nanoro in 2009, the community is continually sensitized through research clinicians/nurses and field workers in the framework of clinical trial activities (during patients' screening, enrollment, and follow-up visits) on the good practice of malaria treatment and prevention. 31, 42, 43 In our study area, despite the low cost of ASAQ (0.46 €) compared to AL (1.52 €), the latter was the most frequent ACT dispensed by the HCW. This could be explained by the poor safety profile of ASAQ, since it is associated with adverse events such as asthenia, blurred vision, general weakness, vomiting, and dizziness, which are commonly reported in the literature and can be attributed to the amodiaquine component of the drug. [44] [45] [46] [47] In addition, since 2016, with the implementation of seasonal malaria chemoprophylaxis (SMC) in children aged 3-59 months, who represent the three-quarters of our study population, treatment of malaria in this age group should not include either amodiaquine or combination drugs containing amodiaquine, such as ASAQ. 48 However, the only alternative free of charge/subsidized ACT available in the public sector which does not contain amodiaquine is AL. It is true that the period of our study (May 2017 to August 2017) did not totally overlap with the SMC period (August to November), but it could be possible that the HCWs have developed the attitude/reflex to no longer prescribe ASAQ even outside the SMC period.
Our findings also show that patients who did not receive advice from HCW are positively associated with nonadherence to ACTs in the univariate and multivariable analyses. This means that patients still seek care or complete treatment from other sources such as traditional/herbal drugs, or did not eliminate all parasites completely from the bloodstream, which is again a source of treatment failure. This could be partly explained by the influence of cultural practices. According to WHO, up to 80% of the population living in developing countries relies on traditional or herbal medicines for their primary care needs. 49 These practices could lead to several adverse drug reactions and most likely increase the risk of selection and spread of drug resistance. 17, 49 This highlights the fact that improving HCW practices and counseling of patients during medical care is likely to increase patient knowledge and improve adherence level. Likewise, improvement in the daily attitude of HCWs and practices could strengthen the confidence of communities using health facility services. In our study, patients for whom blood collection (RDT) was not performed before treatment prescription seemed to be less adherent (in the univariate analysis, with a trend when considering multivariable analysis). As a patient, the benefit of pathology confirmation by biology (pathogen identification) increases the patient confidence about the diagnosis of his/her disease, providing him a better sense of treatment and therefore ownership over the adherence. This is in agreement with the fact that adherence has been qualified as "the key mediator between medical practice and patient outcomes". 50 This finding highlights the importance of Test-Treat-Track initiative recommend by WHO to provide a framework for endemic countries to control and eliminate malaria completely. 6 This study also showed a significant association between patients who cannot easily afford their medicine (ACTs) and adherence level. However, this latter variable was not retained as an explanatory factor for multivariable analysis.
One of the strengths of our study was the study design. The study staff interviewed participants during their exit visit and the day following the last treatment, which allowed to minimize the memory bias. However, on the other hand, this strength could be also seen as a limitation. Indeed, the accuracy of adherence level measurement is partially linked also to the study design. Because the participants were aware of future follow-ups in the form of home visits (day 5±2) after drug prescription, the adherence level may be influenced positively. Another limitation of the study is the fact that the great majority of patients included were children under 5 years of age. So, the sample might not be representative of the national population, and therefore it may be difficult to extrapolate these results to the general population. However, it is interesting to note that these findings gave a crucial overview on the adherence level among the most vulnerable population in SSA. Indeed, children under 5 years of age are the most vulnerable group affected by malaria. In 2017, they accounted for 61% (266,000) of all malarial deaths worldwide. 2 Our findings should be interpreted keeping these strengths and limitations in mind.
Conclusion
In Nanoro rural settings, adherence to ACTs was interestingly high, especially among those who received advices from HCWs. Though these observations are encouraging, efforts still need to be deployed to increase awareness among the population in order to ensure sustainability. This might contribute to a delay in the emergence of drug resistance to ACTs. The Test-Treat-Track policy together with increasing awareness in patients regarding malaria and the prescribed treatment may improve adherence and should be highly promoted. Additionally, to address patient nonadherence to medication, strategies to strengthen communication between HCWs and the patient should be given greater consideration.
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